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[57] ABSTRACT 

An ultrafast, high precision gated integrator includes an 
opamp having di?erential inputs. A signal to be integrated is 
applied to one of the diiferential inputs through a ?rst input 
network, and a signal indicative of the DC offset component 
of the signal to be integrated is applied to the other of the 
differential inputs through a second input network. A pair of 
electronic switches in the ?rst and second input networks 
de?ne an integrating period when they are closed. The ?rst 
and second input networks are substantially symmetrically 
constructed of matched components so that error compo 
nents introduced by the electronic switches appear sym 
metrically in both input circuits and, hence, are nulli?ed by 
the common mode rejection of the integrating opamp. The 
signal indicative of the DC offset component is provided by 
a sample and hold circuit actuated as the integrating period 
begins. The symmetrical con?guration of the integrating 
circuit improves accuracy and speed by balancing out com 
mon mode errors, by permitting the use of high speed 
switching elements and high speed opamps and by permit 
ting the use of a small integrating time constant. The sample 
and hold circuit substantially eliminates the error caused by 
the input signal baseline offset during a single integrating 
window. 

17 Claims, 2 Drawing Sheets 
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GATED INTEGRATOR WITH SIGNAL 
BASELINE SUBTRACTION 

CONTRACTUAL ORIGIN OF THE INVENTION 

The United States Government has rights in this invention 
pursuant to Contract No. W-31-lO9-ENG-38, between the 
US. Department of Energy and The University of Chicago, 
representing Argonne National Laboratory. 

BACKGROUND OF THE INVENTION 

This invention relates generally to integrator circuits and, 
more particularly, to gated integrator circuits capable of high 
precision, ultrafast operation 

Although practical integrator circuits are simple in con 
cept and straightforward in theoretical operation, various 
practical problems arise when actual circuits are built and 
operated. Frequently, the signal to be integrated includes a 
DC component or baseline offset that, if not subtracted or 
otherwise compensated for, distorts the ?nal result. In addi 
tion, electronic switches do not simply open and close 
perfectly but, rather, inject spurious charges of their own that 
can adversely affect integrating accuracy. Active compo 
nents, such as op amps, introduce inaccuracies of their own. 
Passive components, such as resistors and capacitors, are 
non-ideal and can introduce further inaccuracy. 

Depending on the application, it is often possible to 
compensate for particular sources of inaccuracy and obtain 
reasonable performance over a limited range. However, 
accuracy is typically obtained at the expense of high speed 
operation and vice-versa. Generally, accurate circuits tend to 
be slow, and fast circuits tend to be inaccurate. 

In the past, compensation networks were added to each 
electronic switch to reduce switch charge injection errors. 
Although effective, this approach was problematic in that it 
was extremely di?icult to trim all the networks’ components 
to obtain accurate compensation, particularly when large 
quantities of integrators were produced. Similarly, voltage 
to-eurrent converters (i.e., current pumps) were placed in 
front of the electronic gate switches to minimize the error 
introduced by the “on” resistance of the switches. These 
current pumps became unstable and temperature dependent, 
however, when they were used with high speed op amps. 
Signal baseline error has been corrected in the past by ?rst 
integrating the total input signal during a ?rst integrating 
period or window and then integrating the signal baseline 
offset over a second integrating period or window. The two 
integrated signals were then subtracted to yield the ?nal 
result. Although effective in theory, practical circuits 
employing such an approach were very complicated. As a 
result, it was di?icult to match the characteristics of the two 
gated integrators and compensate for other errors such as 
charge injection errors. Again, although some success has 
been achieved in improving integrator circuit operation 
under some conditions, accuracy has not heretofore been 
obtained in combination with extreme circuit speed and 
reasonable circuit simplicity and economy. 

SUMMARY OF THE INVENTION 

The invention provides a gated integrator including an 
input buffer ampli?er having an input for receiving a signal 
to be integrated and having an output at which the signal to 
be integrated appears. The gated integrator further includes 
a DC offset detector coupled to the output of the input buffer 
ampli?er and operable to develop a signal equal to the DC 
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2 
component of the signal appearing at the output of the input 
buffer ampli?er. The gated integrator further includes an op 
amp having a pair of differential inputs and an output, a ?rst 
switched input network coupling the output of the input 
buffer ampli?er to one of the differential inputs, and a second 
switched input network coupling the output of the DC offset 
detector to the other of the differential inputs. The gated 
integrator further includes an integrating capacitor con 
nected between the output of the op amp and one of the 
diiferential inputs and an additional capacitor connected 
between the other of the differential inputs and circuit 
ground. 
The invention also provides a method of con?guring a 

gated integrator to enhance integrating speed and minimize 
error. The method includes the steps of providing an op amp 
having two differential inputs and coupling an input network 
to each of the diiferential inputs, wherein each of the input 
networks is of substantially similar electrical con?guration 
and characteristics so that electronic errors introduced by 
each of the input networks occur substantially simulta 
neously and substantially identically in each of the input 
networks. The method further comprises the steps of apply 
ing a signal to be integrated to one of the differential inputs 
of the op amp through one of the input networks and 
applying a signal substantially equal to the DC offset of the 
signal to be integrated to the other of the dilferential inputs 
through the other of the input network. This balances the DC 
olfset of the signal to be integrated and thereby renders the 
integrator insensitive to the DC offset of the signal to be 
integrated. 

In one embodiment, the ?rst switched input network and 
second switched input network are substantially similar in 
construction and in their electrical characteristics. 

In one embodiment, the ?rst and second input networks 
each includes a series connected resistor and electronic 
switch. ‘ 

In one embodiment, the resistors of the ?rst and second 
input networks and the electronic switches of the ?rst and 
second input networks are matched components. 

It is an object of the present invention to provide a new 
and improved ultrafast, resetable gated integrator with 
extremely low output offset error and droop. 

It is a further object of the present invention to provide an 
ultrafast gated integrator that provides a well-de?ned math 
ematical relationship between the input and output signals. 

It is a further object of the present invention to provide an 
ultrafast gated integrator that cancels the “on” resistance of 
the gate switches to make possible a small integrating time 
constant and thereby provide accurate high speed operation. 

It is a further object of the present invention to provide a 
gated integrator that provides extreme precision in combi 
nation with high speed operation. 

It is a further object of the present invention to provide a 
gated integrator that compensates for signal baseline errors 
during one timing window rather than two. 

It is a further object of the present invention to provide a 
gated integrator that provides accuracy and speed utilizing 
uncomplicated circuitry that is easy and economical to build, 
adjust and operate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention that are believed to 
be novel are set forth with particularity in the appended 
claims. The invention, together with the further objects and 
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advantages thereof, may best be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings, wherein like reference numerals 
identify like elements, and wherein: 

FIG. 1 is a simpli?ed schematic diagram of a conven 
tional, prior art gated integrator circuit. 

FIG. 2 is a voltage waveform diagram of an ideal gated 
integrator useful in understanding the operation of, and the 
terminology associated with, gated integrators. 

FIG. 3 is a simpli?ed schematic diagram of an ultrafast, 
high precision gated integrator embodying various features 
of the invention. 

FIG. 4 is a timing diagram useful in understanding the 
operation of the gated integrator shown in FIG. 3. 

FIG. 5 is a schematic diagram of one actual embodiment 
of an ultrafast, high precision gated integrator embodying 
various features of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A conventional prior art gated integrator 10 is shown in 
FIG. 1. The integrator 10 is based around an operational 
ampli?er or op amp 12 having a pair of differential, non 
inverting and inverting inputs and an output. The signal to be 
integrated Vim is applied to the inverting input of the op amp 
12 through a switch S1 and a resistor R. An integrating 
capacitor C is connected between the output of the op amp 
12 and the inverting input. A reset switch S2 is connected 
across the integrating capacitor C. The non-inverting input 
of the op amp 12 is connected to circuit ground. The output 
V00) of the integrator appears at the output of the op amp 12. 

In operation, the reset switch 52 is initially closed to 
discharge the integrating capacitor C. The gating switch S1 
is initially open. The circuit 10 is placed in an integrating 
mode when the reset switch S2 opens and the gate switch S1 
closes. The integrating mode ends when the gate switch S1 
opens. During the period that the gate switch S1 is closed 
(the “integrating window”) the output voltage Vow varies in 
accordance with the integral of the input signal Vim. At the 
end of the integrating mode, V00) holds constant at the ?nal 
integrated value until the reset switch S2 closes to reset the 
circuit 10. These concepts are illustrated graphically in FIG. 
2. The gate waveform between times t1 and t2 depict the time 
that the gate switch S1 is closed to establish the integrating 
window. As further illustrated in FIG. 2, the signal to be 
integrated Vim includes, in addition to a waveform of 
interest, a signal baseline offset that comprises a positive or 
negative DC component superimposed on the signal of 
interest. The magnitude of the signal baseline offset in the 
illustrated ?gure is designated by the quantity Vbo. In the 
absence of signal baseline offset, the integrator output volt 
age V00) would have the waveform shown by the broken line 
in FIG. 2. However, when the signal baseline offset is 
non-Zero, the output voltage waveform is like that shown by 
the solid line. Because the signal baseline offset is typically 
a result of circuit artifacts rather than a real component of the 
input signal Vim, the difference between the solid and 
broken lines in the output voltage waveform of FIG. 2 
constitutes an error and source of inaccuracy. 

The basic circuit 10 of FIG. 1 is reasonably accurate for 
slow speed applications provided that the input baseline 
offset Vba is very low. The problems of error output become 
more severe in a high speed gated integrator because of the 
small integrator time constant and the limitations of non 
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4 
ideal components. The desired output is often buried in the 
error output. 

An ultrafast, high precision gated integrator 20 embody 
ing various features of the invention is illustrated in simpli 
?ed schematic form in FIG. 3. As illustrated, the integrator 
20 exhibits totally symmetrical architecture with separate 
AC and DC input signal paths. The circuit 20 consists of an 
input buffer ampli?er 22 centered around a ?rst op amp U1, 
a gated integrator 24 centered around a second op amp U2 
and a DC offset detector 26 centered around a third op amp 
U3. Each of the op amps U1, U2 and U3 includes an inverting 
input and a noninverting input and further includes an 
output. A ?rst integrating capacitor C1 is connected between 
the output and inverting input of the second op amp U2 and 
a second integrating capacitor C2 is connected between the 
non-inverting input of the second op amp U2 and circuit 
ground. A ?rst reset switch S3 is connected across the ?rst 
integrating capacitor C1 and a second reset switch S4 is 
connected across the second integrating capacitor C2. A pair 
of input gate switches S1 and S2 are coupled, respectively, to 
the inverting and non-inverting inputs of the second op amp 
U2 through respective series resistors R1 and R2. When the 
reset switches S3 and S4 are closed, the second op amp U2 
is held in a reset mode and the output voltage V0“) is held 
at Zero (FIG. 4). When the reset switches S3 and S4 are 
opened and the input gates switches S1 and S2 are closed, the 
second op amp U2 is placed in an integrating mode. 

Preferably, the input gate switches S1 and S2 are matched 
components as are the series input resistors R1 and R2. 
Similarly, the integrating capacitors C1 and C2 are matched 
components as are the reset switches S3 and S4. In this 
manner, the switched input networks associated with both 
the inverting and noninverting inputs of the second op amp 
U2 are substantially matched in terms of con?guration and 
electrical characteristics. As a result, inaccuracies and/or 
spurious signal components generated by the switches 
81-54, input resistors R1, R2 or integrated capacitors C1, C2 
occur substantially identically in each input channel and are 
effectively canceled by the common mode rejection of the op 
amp U2. Preferably, the input gate switches S1 and S2 and 
the reset switches S3 and S4 comprise electronic switches 
such as MOSFETs. It will be appreciated, however, that 
other forms of analog switches, such as diodes, and FET 
switches, can also be used. The charge injection errors 
introduced by the dynamic switching transitions of such 
devices are substantially canceled by reason of the sym 
metrical circuit architecture and the common mode rejection 
of the op amp U2. 
As further illustrated in FIG. 3, the input signal to be 

integrated Vim is applied to an input signal terminal 28 that 
is coupled to the input gate switch S1 through the buffer 
ampli?er 22. The input buffer ampli?er 22 performs four 
primary functions. First, it buffers the input signal Vim and 
provides a low output impedance to the input of the inte 
grator 24. Second, it inverts the polarity of the input signal 
Vim so that the ?nal output of the gated integrator 20 has the 
same polarity as the input signal. Third, the buffer can serve 
as a preampli?er to provide gain if desired. Most impor 
tantly, however, the input and feedback resistors R1‘, R2‘ and 
R0,, are selected and adjusted so that the “on” resistances of 
the input gate switches, S1 and S2 are effectively canceled in 
the overall circuit transfer function. Preferably, R1, R2, R1‘ 
and R2’ are substantially equal and R0,, is selected so as to 
provide su?icient gain to overcome the “on” resistance of 
the gate switches S1 and S2. If greater than unity gain is 
desired, the resistance R'2 and Ron can be proportionally 
increased by the desired gain factor. 
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The output of the buffer 22 is also coupled to the DC offset 
detector 26 through a ?fth switch S 5 that in turn controls the 
input to the DC offset detector 26. The DC o?set detector 26 
is con?gured for unitary gain and effectively serves as a 
sample and hold circuit. When the switch S5 is closed and 
the circuit 26 is in a sample mode, the capacitor CS con 
nected between the non-inverting input of the op amp U3 and 
circuit ground is charged to a voltage substantially equal to 
the signal baseline offset voltage Vb” plus whatever output 
offset voltage V0: is introduced by the buffer ampli?er U1. 
The output of the DC offset detector substantially equals the 
voltage across the sampling capacitor Cy. When the switch 
S5 opens, the DC offset detector 26 holds the voltage 
existing across the sampling capacitor C: at that instant, and 
this voltage Von. appears at the output of the DC offset 
detector 26. 

In practice, the switches S1 through S5 comprise elec 
tronic switches, and suitable control circuitry is employed to 
open and close the switches as needed to begin and terminate 
an integrating period and thereafter reset the integrator 20 
when desired. In operation, the control signal applied to the 
DC offset detector sample switch S5 is the complement of 
that used to control the integrator gate switches S1 and S2. 
Thus, when switches S1 and S2 are open, switch S5 is closed 
and vice versa (FIG. 4). This results in the DC offset detector 
26 being placed in a hold mode whenever the integrator 20 
is placed in an integrating mode. The DC baseline offset 
appearing in the output Vb“) of the buffer ampli?er 22 
appears substantially identically in both input channels of 
the integrator op amp U2 and is effectively canceled by the 
common mode rejection of the integrator op amp U2. In this 
manner, errors introduced by reason of the DC offset are 
effectively nulli?ed. At the same time, and as previously 
noted, any additional inaccuracies resulting from the active 
and passive components of the integrator section 24 are 
effectively canceled by the symmetrical nature and archi 
tecture of the integrator section 24. 

A practical ultrafast, high precision gated integrator 20 is 
shown in schematic form in FIG. 5. This circuit substantially 
follows the circuit structure shown in simpli?ed form in 
FIG. 3. 

In the input buffer stage 22, the resistor R0,, is adjustable. 
This allows the gain of the buffer stage 22 to be adjusted as 
necessary to cancel the “on” resistance of the input gate S1. 

Each of these switches 81-85 comprises an electronic 
switch in the form of a n-channel MOSFET. The gate 
switches S1 and S2 are controlled by means of a positive 
going gate input control signal while the DC offset sample 
switch S5 is controlled by the complement of the gate control 
signal. The output offset can be adjusted to “zero” by means 
of a variable resistance R, and series capacitor Cc that 
couples some of the gate control signal voltage to the 
non-inverting input of the DC offset detector 26. This 
adjustment also cancels the charge injection of switch S5. 
The reset switches S3 and S4 are jointly controlled by a 
separately applied reset signal. 

Preferably, the electronic switches S1—S4 are matched 
components to ensure system symmetry. The integrating 
capacitors are similarly matched as are the input resistors R1 
and R2. 
The gated integrator circuit 20 herein shown and 

described offers numerous advantages. By compensating for 
induced error signals, substantially only the real, signi?cant 
portion of the input signal gets integrated. Furthermore, the 
input signal baseline offset subtraction is performed by only 
one gated integrator in one timing window instead of by two 
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6 
gated integrators in two timing windows as in earlier 
designs. Furthermore, the symmetrical architecture also 
helps to minimize the errors caused by the op amp input bias 
current by making the error accumulation rate proportional 
to the op amp input offset current rather than the input bias 
current. Hence, drift is signi?cantly reduced. The error can 
be further reduced by balancing the two integrating capaci 
tors C1 and C2. Because the input offset current is much 
lower than the input bias current even for very high speed op 
amps, the error introduced by the input bias current is 
practically negligible. The symmetrical architecture also 
results in extremely low output droop rate, since all dis 
charging paths for the integrating capacitors, except very 
low offset and leakage currents, are cut off when the inte 
grator is in the hold mode. For most applications, the output 
droop before the completion of analog-to-digital conversion 
is virtually nonexistent. The cancellation of bias current 
related drift and very low output droop rate make many high 
speed op amps suitable for integrator use and also allow the 
use of a small value capacitor for the integrator capacitor C, 
which directly results in high gain and speed. It will be 
appreciated that modi?cations can be made. For example, if 
the signal repetition rate is low, a low-pass ?lter can be 
successfully used to replace the sample and hold circuit of 
the DC offset detector shown and described to reduce noise 
and minimize the effects of timing rnisalignments. 
While a particular embodiment of the invention has been 

shown and described, it will be obvious to those skilled in 
the art that changes and modi?cations may be made without 
departing from the invention in its broader aspects, and, 
therefore, the aim in the appended claims is to cover all such 
changes and modi?cations as fall within the true spirit and 
scope of the invention. 

I claim: 
1. A gated integrator comprising: 
an input buffer ampli?er having an input for receiving a 

signal to be integrated and having an output at which 
the signal to be integrated appears, said input buffer 
ampli?er further including an input resistor coupled to 
a buffer op amp with a ?rst and second feedback 
resistor together being in parallel with the buffer op 
amp; 

a baseline offset detector coupled to said output of said 
input buffer ampli?er and operable to develop a signal 
equal to a baseline olfset of the signal appearing at said 
output of said input buffer ampli?er; 

a second op amp having a pair of differential inputs and 
an output; - 

a ?rst switched input network coupling said output of said 
input buffer ampli?er through a ?rst resistance element 
and through a ?rst switch with a ?rst on resistance to 
one of said differential inputs of said second op amp; 

a second switched input network coupling the output of 
said detector through a second resistance element and 
a second switch with a second on resistance to the other 
of said differential inputs of said op amp 

the resistance of said input resistor, said ?rst feedback 
resistor, said ?rst resistance element and said second 
resistance element are substantially equal such that said 
on resistances of said ?rst and second switch are 
effectively cancelled; 

an integrating capacitor connected between said output of 
said second op amp and said one of said differential 
inputs; and 

an additional capacitor connected between said other of 
said differential inputs and circuit ground. 
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2. A gated integrator as de?ned in claim 1 wherein said 
?rst switched input network and said second switched input 
network comprise matched gate switches. 

3. A gated integrator as de?ned in claim 2 wherein said 
?rst input network includes a resistor and electronic switch 
connected in series between the output of the input buffer 
ampli?er and one of the inputs of the second op amp. 

4. A gated integrator as de?ned in claim 3 wherein said 
resistors of said ?rst and second input networks are matched 
components and wherein said electronic switches of said 
?rst and second input networks are matched components. 

5. A gated integrator as de?ned in claim 4 wherein said 
integrating capacitor and said additional capacitor are 
matched components. 

6. A gated integrator as de?ned in claim 5 wherein said 
baseline offset detector is coupled to said output of said input 
butler ampli?er through a third electronic switch. 

7. A gated integrator as de?ned in claim 6 further includ 
ing control circuitry for simultaneously closing said elec 
tronic switches of said ?rst and second input networks while 
simultaneously opening said electronic switch coupling said 
DC offset detector to said output of said input buffer 
ampli?er. 

8. A gated integrator as de?ned in claim 7 further includ 
ing a ?rst reset switch connected across said integrating 
capacitor and a second reset switch connected across said 
additional capacitor, said ?rst and second reset switches 
functioning when closed to reset said gated integrator. 

9. A method of con?guring a gated integrator to enhance 
integrating speed and minimize error, said method compris 
ing the steps of: 

providing an input buffer ampli?er; 
providing an opamp having two differential inputs; 
coupling an input network to each of said ditferential 

inputs wherein each of said input networks comprises 
matched electrical components so that electronic inac 
curacies introduced by each of said input network 
components occur substantially simultaneously and 
substantially identically in each of said input networks; 

applying a signal to be integrated through the input bu?‘er 
ampli?er and then to one of said differential inputs of 
said op amp through one of said input networks 
wherein said signal to be integrated is applied to said 
one of said differential inputs through a ?rst electronic 
switch having an associated on resistance, said signal 
substantially equal to a baseline o?set is applied to said 
other of said differential inputs through a second elec 
tronic switch having an associated on resistance and 
wherein said ?rst and second electronic switches are 
closed to begin an integrating period and are opened to 
end said integrating period and further including the 
step of adjusting gain of said input buffer ampli?er to 
cancel the on resistance of said ?rst and second elec 
tronic switches; and 

applying a signal substantially equal to the baseline otfset 
of the signal to be integrated to the other of said 
differential inputs through the other of said input net 
works thereby to balance the baseline offset of the 
signal to be integrated and thereby render the integrator 
insensitive to the baseline oifset of the signal to be 
integrated. 

10. A method as de?ned in claim 9 wherein said step of 
applying a signal substantially equal to the baseline offset of 
the signal to be integrated is performed by means of a 
sample and hold circuit. 
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8 
11. A gated integrator comprising: 
an input buffer ampli?er having a ?rst op amp and gain 

resistors including an adjustable resistor; 
a second op amp having a non-inverting input, an invert 

ing input and an output; 
a ?rst integrating capacitor connected between said output 

and said inverting input of said second op amp; 
a second integrating capacitor connected between said 

non—inverting input of said op amp and circuit ground; 
a ?rst resistor having a ?rst end connected to said invert 

ing input of said op amp; 
a ?rst electronic switch having one terminal connected to 

a second end of said ?rst resistor and said ?rst switch 
having a characteristic on resistance; 

a second resistor having a ?rst end connected to said 
non-inverting input of said op amp; 

a second electronic switch having a ?rst terminal con 
nected to a second end of said second resistor and said 
second switch having a characteristic on resistance; 

said adjustable resistor of said buffer ampli?er adjusted in 
resistance to be the same as said on resistances of said 

?rst and second electronic switches; 
an input signal terminal for receiving a signal to be 

integrated, said input signal terminal being coupled to 
the second terminal of said ?rst electronic switch; 

a baseline oifset detector having an output connected to 
the second terminal of said second electronic switch 
and having an input; 

a third electronic switch having a ?rst terminal connected 
to said input of said baseline offset detector and having 
a second terminal coupled to said input signal terminal; 
and 

control circuitry for simultaneously closing said ?rst and 
second electronic switches while simultaneously open 
ing said third electronic switch to place said op amp in 
an integrating mode wherein common mode error com 
ponents are substantially cancelled and wherein a base 
line offset of the signal to be integrated is automatically 
compensated. 

12. A gated integrator as de?ned in claim 11 wherein said 
?rst and second integrating capacitors comprise matched 
components. 

13. A gated integrator as de?ned in claim 12 wherein said 
?rst and second resistors comprise matched components. 

14. A gated integrator as de?ned in claim 13 wherein said 
?rst and second electronic switches comprise matched com 
ponents. 

15. A gated integrator as de?ned in claim 14 further 
comprising a fourth electronic switch connected across said 
?rst integrating capacitor, a ?fth electronic switch connected 
across said second integrated capacitor and control circuitry 
for simultaneously closing said fourth and ?fth electronic 
switches to reset said gated integrator. 

16. A gated integrator as de?ned in claim 15 wherein said 
input signal terminal is coupled to said remaining terminal 
of said ?rst electronic switch through said input buffer 
ampli?er. 

17. A gated integrator as de?ned in claim 16 wherein said 
input signal terminal is coupled to said input of said baseline 
o?set detector through said input buffer ampli?er. 


